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Why: Experiment
v/ Run I Results

e Run I eeyyFr (107° expected, 1 observed)
e Run I /v Fp: 7.6+0.7 expected, 16 observed, 2.70

eenyZTCondidGTe Event

e Candidate

v/ Properties of photon

e Coupled to electric charge; massless; stable
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Why: Theory
v/ Models (many!) (Searches in the talk)

SUSY

55% — G vy Bor, displaced v X, yyj By, ey B, py B, vbFr

Xo — G Ybj Vor, vbc Ko, vig Vo, veeopy yup o, yyeefor,
Yy ¥y y¥r, 337 BT

Technicolor

wr, pPT — YTT Y0b, Y33, ity vy, eevy

T =YY iy, eeyy . ppyy¥r

Compositeness

X" —9X eey, eevy, MUY, HuYY, Jiv, bby, jivy, bbyy

Extra Dimensions (RS)

G — vy Vs VBT

Higgs

H =y, A=y 7, eey, ppy, eyylp, pyyBr, 3377, 7777
4th generation

b — b YYbb, eeybb, ppurybb, jjoyybb
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Where: Tevatron

e pp Collisions

¢ ./s=1.96 TeV

® Locak = 2.9%10% cm 25!
April, 2007
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Store Number

o3 fb—1 delivered, 2.5 fb—! on tape
e Expect 4-8 fb~1 by 2009
e In this talk ~ 1 b~ results
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Where: CDF
Muon Detectors

ﬂl

Central Cal M

Plug Cal _E» N

Silicon Central N N ="
[

, Tracker Tracker
Photon candidates:

e shower in EM calorimeter

e 1o associated track with Pp > 1 GeV

e at most one track with Pp < 1 GeV, pointing at the EM cluster
e cood profiles in both transverse dimensions at shower maximum
e minimal leakage into the HAD calorimeter
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Techniques

Main Sources of Non-Prompt
(“Fake”) Photons

®c — ’y
bremsstrahlung or
tracking inefliciency

—Seed a “phoenix” track from
EM cluster and event vertex

—Search for hits along the ex-
pected arc

®jet — v

—7TO, n etc.

—EM shower profile should be
consistent with a single photon

— Photons are isolated
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Techniques

/ Isolation

Photonjor Lepton

«» Tracking Isolation: > pr » Calorimeter isolation: )  Er
of extra tracks in n — ¢ cone of extra towers in n — ¢ cone

rigwe 1: ISOlation is different for prompt leptons/photons and for fake ones

8-
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Techniques

v e—ry

o “Z-like” ey Sample° (Ag(e,v) > 150°, M(e,~) ~ M(Z")
e Compare Z' — ¢Te™ and ey “Z- llke” events = e~
e MC = Er dependence of P,

e Normalize to DATA

e Compare ¢ — v, u — v, 7 — v in MC

1 electron — photon fake rate

Silicon track rejection applied

e— y rate in each 4 GeV bin

30 30 450 60 70 80

0.36% @ 45 GeV HEPG E, [GeV]

rigre 22 PrOobability that an electron is misidentified as a photon
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Techniques

\/ Isolation Technique for jet — 7
hep-ex /0702029, Phys. Rev. D 75, 112001 (2007)

25} CDF RUN I 3 100 CDF RUN II :
>k 1 > T
(520 * DATA, 929 pb’ ¢580F « eYE DATA, 929 pb’
N T oL ]
a5 @60 ]
C ¢ c |
10; Q4% 3
Wl LLl ]

! 200 —4— ]
:...1...1...1...1...1...' OH:L-.I...I...I...I....I-
0O 2 4 6 8 10 12 0 2 4 6 8 10 12
Calorimeter Isolation, GeV Calorimeter Isolation, GeV
«» Calorimeter isolation for “7%” » Background estimate for ey}

rze s Linear behavior of the background - from fake photon sample (“7"”):
reject real photons (based on shower max detector) and omit calorimeter
and track isolation requirements. Signal behavior - from Z° — eTe™.

-10-
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Physics

v/ Search for Diphoton Peaks arXiv:0707.2204v2, submitted to PRL (july 2007)

e SM Background

— NLO Diphox calculation

q i Y4 rfif’
- (TRl A A S
° Jets Fakmg Photon
— Usually a high-Et 7°
— normalize to low mass

Search for X—yy CDF Run Il Preliminary, 1155 pb'
10° A Diphoton Data
o Central-Central
§ 10° Total Background
: s
S Jets akmgy
E 10
& 1
10" , | ,
0 100 200 300 400 " 500 600 700
m(yy) (GeV/c")
T T T
10° Diphoton Data
o Central-Plug
L 2
> 10
(O]
2 10
2
& 1
10—1 1 1 1 I L
0 100 200 300 400 500 600 700

m(yy) (GeV/c?)

T I T W T A T W ST A TR W S T N TS W S N N TR R SRR R NN
300 400 500 600 700 800
Graviton Mass (GeV/cz)
230GeV @ k/Mp, =0.01, 850GeV @ k/Mp =0.1

-11-
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Physics

\//FYW/'+';XT7 }(h::(39 [y Ty 7Yy }Eji, b = ’VﬁV}qu

Analysis
e Model independent search Results
T tral phot Er > 13 GeV
¢ WO celitral plotons br c Backgrounds are estimated from DATA
Methods

Search for yy+E,, Signal sample
— T T 1 1
CDF Run Il Preliminary, 1.2 fb
—o— Data
B QCD -+ fake E;
[ ey events
I Non-Collision

|

150 200 250

E;, [GeV]

e Remove fake Fr

— Remove events where jet is not fiducial
and A¢(jet, Fip) < 0.1

— Use lowest Fip vertex
e Remove EWK

— W — e~y by brem rejected by Phoenix
e Remove non-collision

— EM Timing

— No trackless p segments in muon cham-
bers with A¢(segment,v) < w/6 P > 50 GeV: 1.6 &+ 0.3, 4 observed

Events/5 GeV

~12-
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Physics
’V/ Yy 4_‘)(7 }KE::(37 o Ty 7y }Bjﬁ, b = Y

Analysis
e Model independent search

e Two central v Er > 13 GeV itMl (l\fadGiaEh) 131 i80i6 0.15
e additional central v Et > 13 GeV cast one fake. 1.2 =+ 1.
Results Total: 2.2 + 0.6, Observed: 4

Backgrounds:

Search for yy + X, X =7y
IIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIII,

Search foryy + X, X =

[ FITTT T T T T T T T T T T T T T[T TTT0 |||||||| |||| TTTTTTTT T N‘\"2.5— CDF Run Il Preliminary 1155pb —
B [ | A ]
i C CDF Run Il Preliminary 1155 pb’ ] % - -
>3.5- - 6o [ —— Standard Model ]
8 35 Standard Model E Q 2f 7
2 | : I
25 : HES f
> - 4 L
11} - ]
20 ]
L i 1= ]
1.5 = N g
C ] 0.5+ —
y | ] - . . ]
o ] 0 .
0.5 — 0 50 100 150 200 250 300 350 400
C ] Ht (GeV/c )
(o] L P — | e -

0 5 101520253035404550
Missing Et (GeV/c )

Hp: sum of E1 of ¢, v, 7 and Fip

-13-
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Physics
\/77+X9 X:ea fly Ty 7Yy ET? b = nga 6:67 I
Analysis
Model fndenendent - £y ey By

e Model independent searc

e Two central v Er > 13 GeV Total 6.8 + 0.8/0.8 £ 0.1
o ES > 20 GeV, PL > 20 GeV Observed 3 0

o Pl. > 15 GeV o ;

4+ GDF Run Il Preliminary 1015-1100 pb

Results

YY + € Search

Events per 20 GeV

Ht [GeV]

-14-
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v+ X, l=e, u; X=e hep-ex /0702029, Phys. Rev. D 75, 112001 (2007
Y 9 s [bs s by 7Yy HT

Analysis

e Signature-Based search

e Motivated by Run I eeyyFr and (v Fip

Physics

e o priori defined cuts (same as in Run I)

e MadGraph, CompHep and Baur MC

Results
90?'I'”I"W"'I”'I"W"'P"I”'l'? 60F
. CDF Run i (@)

~50 40 60 80 100120140160 180
Photon E; (GeV)

o yE, Data(e+), 929 pb '
wy E
Azy

e fakey
Bwj, ty, QCD, Zyy, Wyy

H O
(= =}

N
(=]

>
<]
(O]
o
=
E30
c
(4]
>
11}

gy
o O

: ] 40t (d) 3
350:‘ ; Ess;—
: 1 O30
40- E 3
= o | 225
.2 3 E ‘2205—
020 1 @15
=t 1 210E
Wqok i @1
10F _ o

80 100 120 140 160

E; (GeV)

45¢

%

"50 100 150 200 250

300
M; (I, Er,7) (GeV)

350

Er ey Br iy For (e +m)vEr
Predicted | 94.8 8.1 | 55.7+ 7.1 |150.6 =13.0
Observed 96 67 163
15F 25_—""I""I""I""I""I""I """
: CDF RUN II (@) | : CDF RUN II (b) ;
= | oLy DATA, 920 pb" | 320 T_| eeeyDATA,929p5" ]
Stop fzy 1 o5t fzy ]
@ Bzi, acp, zyy @ / Bz, QCD, e FAKEY, Zyy
c <10 E
1 18
w ] W s % ]
= o+ ] L ey
%5 10 15 20 25 30 35 % 5 10 15 20 25 30 35
E; (GeV) E; (GeV)
Uy eey Ly Uy
Total 390+4826.1+£3.1|651+7.7
Observed 53 21 74

0 euy vs. 1.0+0.3, 0 /vy vs. 0.624+0.15

3 Ll events with Fp > 25 GeV, vs.
0.6 0.1 expected events, correspond-
ing to a likelihood of 2.4 %.
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V ity
Analysis

e Signature-based search for (v} + 0
e tiy: Control Sample for it + Higgs
e {1y cross-section measurement

Categories

o (yEr+b jet
o (yFr+b jet+Hr
o ity: {yFr+b jet4+Hp+Njes > 2

7lllll llllllllllllllllllllllllllllllll | I

' CDF Run Il Prelim 929 pb ttg ;
r o fgacen)]
: WRbY
=& fak
et f

s
t
o]

ee ]
e gkgs ]
.y ags |

1

Pl PR |

N W I %) B~ )
o — —

"
1

Events/50 GeV

H; (GeV)

Events

Physics

" CDF Run Il Prelim 929 pbttg = 1
+ Ggatern):
Wec
WobY
.&ﬂe
T =i gl
a?(e y

kes -
Zags

£l

Le s gl e s g bl e sl e sl g g a bl e 17
0 2 4 6 8 10 12 14 16 18
N Jets

(v ¥ + b+ Hr (929 pb1)

e U e+ W

49408 23106 724 1.0

6 4 10
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s

DATA Event : 1050006 Run : 193396 | Prescaled: 4,6,9,15,24,26,27

Unprescaled: 4,6,9,11,15,19,23,24,26,27

Control Sample for ¢t + Higgs
t+HT+N}€fé > 2

t+Hr
je

{y¥r+b

.
.
.
.

e Signature-based search for /(yF + b

° tﬁ
e {1y cross-section measurement

Analysis

Categories
o (vFr+b jet
o (v¥r+b je
® iy

e+ U

(vEr+ b+ Hp + Nj'ets > 2 (929 pb 1)
L
23106 1.3+£05 3.6+08
3

first 5
phi

Particles:

0.5

70.7 phi=
Jet Collection
JetCluModule

Missing Et

Et

I
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v/ Delayed Photons (yFp+jets) aXiv:0704.0760, accepted to PRL (july 2007)

Model
e GMSB decays of \! — G

Technique
e measurement (0=0.6 ns) of arrival time

of v in EM calorimeter

Results
T L L I B B
, v+ E_+ Jet data (570 pb’)
10°F — Al E
- Standard Model ]
L Beam Halo .
9@ 10k B Cosmics _
% g ---- GMSB Signal MC E
c f ]
q) -
>
W 1e E
1078 || [ Lo

-20 0 20 40 60 80
Photon Corrected Time of Arrival (ns)

e Arrival time of photons in 2-10 ns
e 2 observed, 1.3 £ 0.7 expected
e 0.71 Standard Model,

0.46 Cosmics, 0.07 Beam Halo

(;(T tf) CDF Calorimeter
prompt y Y -
-0 —
, X é
p ) P

7, lifetime (ns)

Details in Slava Krutelyov’s talk

35

W
o

N}
a1

N
o

—_
[$)]

—_
o

8

y+ET+1jet analysis with EMTiming (570 pb™)
| Predicted exclusion region
Observed exclusion region

---------- ALEPH exclusion upper limit

GMSB z:’—wé
mess=2A\, tan(B)=15

LM
; Niess=1,1>0

Y
IIII|IIIIIIIII|IIII|IIII|IIII|II|I|IIII|IIII

5 70 75 80 85 90 95 100 105 110

5{? mass (GeV/c?)
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CDF Photon Searches Publications (Last 6 months)

e “Search for New Physics in Lepton + Photon 4+ X Events
with 929 pb-1 of ppbar Collisions at /s = 1.96TeV”,
hep-ex/0702029, Phys. Rev. D 75, 112001 (2007)

e “Search for Heavy, Long-Lived Particles that Decay to Pho-

tons at CDF II,” arXiv:0704.0760, accepted to PRL (july 2007)
e “Search For a High-Mass Diphoton State and Limits on

Randall-Sundrum Gravitons at CDF”,
arXiv:0707.2294v2, submitted to PRL (july 2007)
ZALVIN AND HOBBES By Bill Watiarson

’ ["THE DYNAMICS OF INTERBEING
T WRITIN 6 I REALIZED THAT THE WITH A LITTLE PRACTICE, T™HE W
E.ss%%mr%{ MBEur NOW, PURPOSE OF WRITING 1S WRITING CAN BE AN | RO vommeﬁu. wev.%ﬁs
: TO INFLATE. WEAK IDEAS, | INTIMIDATING AND ol \N DICK AND JANE - A
ORSCURE POOR REASONING, | IMPENETRABLE FOS! IN PSICHIC. TRANSRELATIONAL
| AND INWIBIT CLARITY. WANT TO SEE MY BooK

_—J
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Summar-y

e Man~y photon analyses at CDF are underwary

e Techniques developed and experience gained will be useful
for the Tevatron and for the LHC

e Keep publishing papers:
working on tty, vFEr, yy7, 7yb, v+b-jets

e Updating and improving analyses with new data

e We do understand the SM:
this will help to search for physics beyond it.
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